Animal feed production in Alberta is significant, supporting the requirements of a large livestock industry. In 2004, 2.2 million t of forage (greenfeed and silage) were grown on 550 000 ha in the province (Alberta Agriculture and Food 2005) . The two main annual cereal crops grown for silage in Alberta are barley (Hordeum vulgare L.) and oats (Avena sativa L.), with forage yields in 2004 averaging 17.8 and 17.0 t ha -1 , respectively (Alberta Agriculture and Food 2005) . Maize (Zea mays L.) is presently grown on only 14 000 ha in Alberta, mainly in the southeast portion of the province. Overall average forage yield of maize in Alberta in 2004 was 41.5 t ha -1 (Alberta Agriculture and Food 2005) .
Two factors that have prevented expanded silage maize acreage in the past are the lack of early maturing hybrids (<2300 CHU) and the lack of weed control options. The north central Alberta environment poses a number of challenges to maize production, including a shorter growing season and cooler climate than the major maize growing regions of Ontario and Quebec. Accumulated CHU in the north central Alberta region average 2000 to 2200 CHU (Alberta Agriculture and Food 2003b) .
Increases in plant population density often result in higher maize forage yield, but this is dependent on a number of factors, including climatic conditions of the growing region, plant size and leaf area, and plant maturity. Silage quality may also be affected by population density, as increased plant densities have resulted in reduced maize forage quality (Cox and Cherney 2001) . Optimal plant densities for maize forage production vary widely from 45 000 to 125 000 plants ha -1 , depending on growing region. In a study of two early-maturing (2000 CHU) maize hybrids, Baron et al. (2006) recommended plant population densities of ~100 000 plants ha -1 for south central Alberta growing conditions. Their results also suggested that hybrids respond differently to population density in short-season regions and that future studies should further investigate the effect of hybrid on silage yield (Baron et al. 2006) .
There are few published reports on optimal plant population densities for silage maize production in Alberta, and none for the north central region. The objectives of this experiment were to evaluate the effect of four maize hybrids of varied maturity ratings planted at a range of four plant densities on silage yield and quality across environments in north central Alberta.
Field In each site-year, a 4 × 4 factorial experiment was arranged in a randomized complete block design with four replications. Four early-maturing maize hybrids were evaluated: Pioneer hybrid 39N03 (2000 CHU), Pioneer hybrid 39F45 (2000 CHU), Pioneer hybrid 39W54 (2100 CHU) and Pioneer hybrid 39T68 (2250 CHU) (Pioneer Hi-Bred Ltd., Chatham, ON). Plant population density treatments were 49 000, 74 000, 99 000, and 124 000 plants ha -1 .
The experiments were seeded in early May into conventionally tilled land using a mechanical two-row corn seeder at 76-cm row spacing. The six-row plots were 5 m long and 5 m wide. Plots were seeded at a rate exceeding the target population density by 20%, and were hand thinned at the V4 stage to ensure desired and even plant populations. The entire experiment was surrounded by border plots. Weed control was accomplished using pesticide specific to each site, using a three point hitch field sprayer or hand boom. Mechanical row cultivation and hand weeding was also employed in some instances. Agronomic observations were recorded throughout the growing season.
Soil fertility levels were adjusted to 150 kg ha -1 N, 120 kg ha -1 P 2 O 5 and 150 kg ha -1 K 2 O based on previous crop rotation and cooperator soil testing. Fertilizer was broadcast prior to seeding and incorporated using a field cultivator. In 2003, 25 kg ha -1 additional N was applied and incorporated in-crop at the V6 stage by row cultivator.
Emergence counts were recorded on the center two rows of each plot prior to thinning. Days to V1 (one leaf with visible leaf collar on plant) were assessed using the leaf collar method, where growth stage is determined by counting the number of leaves on the plant with visible leaf collars (Nielsen 2004) . Onset of the reproductive phase was recorded as days to anthesis (pollen shed in 50% of the plants in the middle two rows of each plot) and days to silk (silk 1 cm emerged in 50% of the plants in the middle two rows of each plot).
Plants were harvested following a killing frost at each site. Four randomly chosen plants were taken from the center two rows to determine percent dry matter (DM) concentration and for quality analysis. The remainder of the middle two rows was hand harvested and then weighed to determine silage yield. Two of the randomly selected whole plants were weighed and then dried in a forced air drier at 60°C until dry. They were then separated into cob and stover fraction and weighed to determine DM concentration and cob to stover ratio (percent cob). The other two randomly selected plants were rendered using a chipper to produce chopped silage. The entire sample was then frozen, weighed and shipped to the Pioneer Hi-Bred livestock nutrition center in Polk City, IA, for drying, grinding and NIR analysis using procedures similar to those outlined in Sheaffer et al. (2006) .
Quality analysis by NIR provided data for a number of forage quality parameters: neutral detergent fiber (NDF), acid detergent fiber (ADF), crude protein (CP), starch, digestibility of NDF (DNDF), in vitro true digestibility (24 h) (IVTD), DM, and simple sugars. MILK2000, a spreadsheet that uses forage quality parameters to predict animal performance, was used to calculate production of milk per t of forage fed (t t -1 ) and milk per hectare (t ha -1 ) (Undersander et al. 1993) . Quality traits were only determined for plant material collected at the four 2003 sites, as 2002 samples were contaminated during shipping.
Data were analyzed by environment (site-year) to determine if trends were consistent across environments. These analyses were conducted in the Mixed procedure of SAS (SAS Institute, Inc. 1999), with replication considered random and hybrid, plant population density, and their interactions considered as fixed effects (data not shown). Subsequent combined site-year analyses were again performed in the Mixed procedure of SAS, where plant population density and hybrid were considered fixed effects, while replication and environment were considered random. Treatment effects were considered significant when P < 0.05. Orthogonal contrasts were used to determine the nature of hybrid response to population density (e.g., linear, cubic, etc.) (P < 0.05) (SAS Institute, Inc. 1999) .
Moisture availability during In 2002, maize displayed leaf rolling and N deficiency in the lower leaves due to extreme dry conditions in the upper soil profile. Despite this, trials produced harvestable yields, averaging more than four times (424%) the average oat and three times (336%) the average barley forage yields for Alberta in 2002 (data not shown) (Alberta Agriculture and Food 2003a). Thus, maize appeared capable of providing comparably elevated forage yield even during a year of very limited moisture.
For silage maize production, whole plants are considered mature when DM concentration reaches 30-40% with a fully formed cob (Ontario Ministry of Agriculture Food and Rural Affairs 2002). All hybrids tested in the current study achieved a maturity in the 30-40% DM concentration range in all six environments under all four plant population densities, prior to the first killing frosts. Thus all four low CHU hybrids tested in this experiment appear to be adapted for silage production in central Alberta, and all could be considered for production in this region. This suggests that the development of early maturity maize hybrids will now allow for the expansion of silage maize production onto the northern Canadian Prairies.
The six environments differed (P < 0.01) for emergence, days to V1, days to silk, DM concentration, and DM yield (data not shown). Despite differences among environments, the main effects of hybrid and plant population density remained relatively similar among environments (data not shown). The two 2000 CHU hybrids (Pioneer hybrid 39F45 and Pioneer hybrid 39N03) were the earliest to silk and had the highest DM concentration at harvest in all six environments, and exhibited the lowest DM yield in the three environments where the main effect of hybrid differed (P < 0.05) for yield. We therefore decided to conduct a combined analysis across environments, in order to draw inference about the 16 plant population density × hybrid combinations when grown in north central Alberta.
Hybrids differed (P < 0.01) for days to V1, days to silk, DM concentration and DM yield (Table 1) . Pioneer hybrid 39W54 (2100 CHU) was the latest to reach the silk stage and, along with Pioneer hybrid 39T68 (2250 CHU), had the lowest DM concentration at harvest and highest DM yield of the four hybrids tested (Table 1) . Pioneer hybrid 39F45 (2000 CHU) was the earliest to reach the silk stage and, along with Pioneer hybrid 39NO3 (2000 CHU), had the greatest DM concentration at harvest and lowest DM yield, with ~10% less DM yield than Pioneer hybrid 39W54. The plant population density main effect was significant (P < 0.05) for all agronomic traits measured; this effect was linear (P < 0.05) for all traits (Table 1) . Densities ≥ 99 000 plants ha -1 resulted in the earliest days to emergence, longest days to silk, lowest harvest DM concentration and the highest DM yield. Hybrid × plant population density interaction effects were not significant (P < 0.05) for any agronomic trait (Table 1) .
Although higher plant densities in this and other studies (see Baron et al. 2006 ) resulted in delayed maturity (as measured by days to silk) and reduced DM concentration at harvest, DM concentrations were above 30% at all plant densities. The 2000 CHU hybrids we tested evidently pose a lower risk associated with achieving adequate dry matter percentage in years falling below the average CHU accumulation; however, in years that have above average CHU accumulation, later maturing (2100 to 2250 CHU) hybrids (i.e., Pioneer hybrid 39T68, Pioneer hybrid 39W54) would have a higher yield potential than early-maturing hybrids, making better use of increased CHU through longer life cycles and larger plant size.
Quality traits were only measured in 2003. Hybrids differed for all quality traits (P < 0.01) ( Table 2 ). The 2000 CHU hybrids (Pioneer hybrid 39N03 and Pioneer hybrid 39F45) had the highest cob percentage, starch concentration, and IVTD, while the later maturing hybrids Pioneer hybrid 39W54 (2100 CHU) and Pioneer hybrid 39T68 (2250 CHU) had the lowest. Concentrations of NDF, ADF and simple sugars were the lowest in the 2000 CHU hybrids Pioneer hybrid 39N03 and Pioneer hybrid 39F45, and the highest in Pioneer hybrid 39W54 (Table 2 ). These data suggest that the 2000 CHU hybrids may achieve higher silage quality than the later maturing hybrids when grown in north central Alberta. Plant population density main effects were 
Population density contrasts x Linear * ** ** ** ** z V1 refers to corn plant growth stage where plant has one leaf with visible leaf collar. y Standard error of the difference between two means. x All quadratic and cubic contrasts non-significant (P ≥ 0.05). * , ** Effects significant at P < 0.05 and P < 0.01, respectively; NS, non-significant. significant (P < 0.05) for all quality traits except DNDF and IVTD. The plant population density effect was linear (P < 0.05) for all quality traits except DNDF (Table 2) . Percent cob, starch, CP, and IVTD decreased as population increased. Concentrations of NDF, ADF and simple sugars increased linearly as the plant population density increased. Hybrid × plant population density interaction effects were not significant (P > 0.05) for any measured quality trait (Table 2) .
Calculated milk yield per hectare exhibited a significant hybrid × plant population density treatment interaction effect (P < 0.05) (data not shown). Pioneer hybrid 39F45 and hybrid 39N03 (2000 CHU) exhibited increased milk yields at increased plant densities, while the later-maturing hybrids Pioneer hybrid 39W54 and hybrid 39T68 did not exhibit a milk yield response to changes in plant density. Among all tested combinations of hybrid and plant population density, the 2000 CHU hybrids Pioneer hybrid 39F45 and Pioneer hybrid 39N03 grown at 99 000 plants ha -1 allowed the highest calculated milk yield (17.4 and 18.3 t ha -1 , respectively) and the highest forage DM concentration (37.8 and 38.7%, respectively) of all hybrids tested in 2003. As population density increased, all hybrids exhibited a decrease in milk yield per t of forage fed and DM concentration (data not shown). Conversely, forage DM yields increased linearly with plant population density (P < 0.05). In the present experiment, the two 2000 CHU hybrids yielded the greatest DM at densities of 99 000 and 124 000 plants ha -1 (data not shown). The 2100 and 2250 CHU hybrids were slightly higher yielding at these densities, but had lower DM concentrations (~31%) compared with the 2000 CHU hybrids (~37%).
The 2000 CHU hybrids Pioneer hybrid 39F45 and Pioneer 39N03 planted at densities of 99 000 and 124 000 plants ha -1 could provide the best DM yield and concentration, balanced with the most nutritive feed in most years in north central Alberta. Lower CHU hybrids exhibited greater adaptation to the region, achieving higher milk and DM yield as plant density increased, with optimal DM concentrations for ensiling. Higher CHU hybrids (≥ 2100 CHU) displayed less adaptation to central Alberta, exhibiting relatively lower milk yield at higher plant densities and slightly less optimal DM concentration (< 32%) for ensiling. Pioneer hybrid 39W54 (2100 CHU) and Pioneer hybrid 39F45 (2000 CHU) exhibited very different yield and maturity, despite having the same Corn Relative Maturity (CRM) as rated for the corn belt in the mid-west of the United States (Troyer 2001) . Thus, the central Alberta environment poses different criterion for maturity than the environments used to classify these hybrids into CRM. This suggests the need for local agronomic testing before silage maize hybrids can be recommended at any given seeding rate in north central Alberta. Population density contrasts z Linear ** ** ** ** ** NS * ** z All quadratic and cubic contrasts non-significant (P ≥ 0.05). y Standard error of the difference between two means. * , ** Effects significant at P < 0.05 and P < 0.01, respectively; NS, non-significant.
